Background: Understanding sexual behaviors and vaginal practices of pregnant and breastfeeding women in sub-Saharan Africa is critical to inform HIV prevention strategies during these periods.
INTRODUCTION
During pregnancy and postpartum, women in high HIV prevalence regions continue to be at high risk for acquiring HIV. [1] [2] [3] [4] [5] To tailor HIV prevention strategies for the pregnancy and postpartum periods, it is important to define peripartum sexual and vaginal practices that increase the risk of HIV acquisition. Reduced desire and frequency of sexual intercourse occurs among women as pregnancy progresses. 6, 7 Although some male partners may consequently abstain, others may develop concurrent relationships as a way to satisfy their unmet sexual needs. 8, 9 Concurrent sexual partnerships put men, and subsequently their female partners, at risk of acquiring sexually transmitted infections including HIV. 8, 9 Sexually transmitted infections increase the risk of HIV and are associated with adverse maternal and fetal outcomes. 10, 11 Some couples may opt for anal intercourse, which carries considerably higher risk of HIV acquisition than does vaginal intercourse. 12 Condom use is an efficient intervention to reduce the risk of sexual transmission of HIV. 13, 14 However, condom use during pregnancy and after delivery remains low in many settings in sub-Saharan Africa. 2, 15, 16 Understanding sexual behaviors during pregnancy and postpartum period is useful for development of HIV preventive strategies to mitigate the high HIV incidence noted among women in sub-Saharan Africa during these periods. [1] [2] [3] [4] [5] 16 Vaginal practices, such as douching with water or detergents, and inserting substances into the vagina, are prevalent in sub-Saharan Africa. [17] [18] [19] Although both vaginal washing and drying have been associated with increased risk of HIV infections, 17, [20] [21] [22] data on the prevalence of these practices during pregnancy and postpartum are lacking. We aimed to characterize the frequency and types of sexual behaviors and vaginal practices among HIV-uninfected women during pregnancy and up to 9 months postpartum.
METHODS

Study Setting and Population
We conducted a prospective study among pregnant HIV-uninfected women who presented at the Ahero subDistrict and Bondo District Hospitals in Nyanza Province, Kenya, for antenatal care. These facilities provide services to women in periurban and rural communities. The methodology of the study has been described previously. 5 Briefly, HIVuninfected women who were at least 14 years of age, planned to stay in the study area until 36 weeks after delivery, willing to return for scheduled study visits that were integrated with maternal antenatal care clinic and after delivery (at 2, 6, 10, 14, 24, and 36 weeks), and willing to provide written consent were eligible to enroll in the study.
Recruitment and Data Collection
Pregnant HIV-uninfected women attending antenatal care clinics at the Ahero sub-District and Bondo District Hospital were informed about the study by the nurse counselor and invited to participate. After providing written informed consent, women completed a structured questionnaire that assessed social demographics and obstetrical history. Women were regarded as unemployed if they sought employment but were unsuccessful and housewife if they had not. At enrollment and during scheduled follow visits during pregnancy (at 20, 24, 32, and 36 weeks gestation) and after delivery (at 2, 6, 10, 14, 24, and 36 weeks), we administered a questionnaire to ascertain sexual behaviors and vaginal washing/drying practices. We measured the frequency of vaginal and anal sexual activity during the past month including the proportion of unprotected (without condom) sex acts, number of new sexual partners in the previous month, forced sex, and time to resumption of sexual activity after delivery. Vaginal washing was defined as using soap and water, water only, or either antiseptic or detergent to clean the vagina beyond the vaginal introitus. Women were classified as engaging in vaginal drying if they reported using herbs, chemicals, cloths, or other items to dry their vagina.
Ethical Approval
Ethical approval for the study was obtained from the Kenya National Hospital and University of Nairobi Ethics and Research Committee and from the Human Subjects Division at the University of Washington. Authorization was also obtained from Provincial Medical Officer, Nyanza, and the Medical Superintendent for the Ahero sub-District and Bondo District Hospitals.
Statistical Analysis
SPSS Version 22 (IBM Corp., Armonk, NY) was used to analyze data. The proportions of women reporting sex, vaginal washing, and vaginal drying during different periods were compared using the x 2 test. Correlates of unprotected sex, vaginal washing, and vaginal drying during pregnancy (enrollment visit) and at 36 weeks postpartum were assessed using logistic regression. Correlates of time to resumption of sex postpartum were assessed using Cox-regression models. Multivariable analyses for each outcome were conducted using similar models as univariate modeling with covariates included that were significantly (P , 0.05) different on univariate analyses, after assessing covariates for collinearity. In cases of collinearity, the covariate that was most biologically plausible or the covariate with the strongest association with the outcome was included.
RESULTS
Baseline Characteristic of Study Population
We included 1252 of 1304 (96.0%) women with completed study visits at enrollment and 36 weeks postpartum in this analysis. Most (92.1%) women reported having a current partner, 1.5% reported that the partner was HIV infected and 36.5% had a partner of unknown HIV status. Almost one-third (30.0%) of women had a partner who was circumcised. Male partners were on average 6.4 years older (95% CI: 6.1 to 6.7), and the mean relationship duration was 5.1 years (95% CI: 4.8 to 5.4). History of trading sex was reported by 10.2% of women, and new sex partnerships in the past month were reported by 114 (0.9%) at enrollment and by 17 (1.4%) women at 36 weeks postpartum. Fifty-nine percent of women reported sexual activity in the previous month; of these, most (94.3%) reported at least 1 act of unprotected sex; 1.5% reported anal sex, and 4.5% reported forced sex.
Sexual Behavior and Vaginal Washing and Drying During Pregnancy and Postpartum
The proportion of women reporting sexual activity declined during pregnancy from 73.4% at 20 weeks to 37.0% at 36 weeks gestation (P , 0.001); with a gradual increase after delivery from 8.0% to 70.7% between 2 and 36 weeks postpartum (P , 0.001) (Fig. 1) . The proportion of women reporting unprotected sex in the past month increased from 6.6% to 60.0%, between 2 and 36 weeks postpartum (P , 0.001).
Vaginal washing was reported by 60.1% of women, most (50.1%) using soap and water, 9.3% using only water and less than 1% reported using either antiseptic or detergent. Vaginal washing remained relatively constant (;60%) throughout antenatal and postpartum follow-up. Vaginal drying, usually performed by wiping with a cloth, was reported by 17.9% of women at enrollment and declined Women who were older [odds ratio (OR) = 1.04 for each year increase, 95% CI: 1.02 to 1.06], who were married (OR = 11.39, 95% CI: 7.94 to 16.34), who had older age at sexual debut (OR = 1.06 for each year increase, 95% CI: 1.01 to 1.11), and who had more lifetime sexual partners (OR = 1.30 for each additional partner, 95% CI: 1.18 to 1.44) were more likely to report unprotected sex in the past month compared with women who reported having protected sex or no sexual activity ( Table 2 ). In addition, women who reported forced sex (OR = 13.15, 95% CI: 3.13 to 55.18) and anal sex (OR = 8.24, 95% CI: 1.05 to 64.56) were more likely to report unprotected sex. Compared with women who were unemployed, women who were housewives (OR = 3.14, 95% CI: 2.30 to 4.27), self-employed (OR = 3.86, 95% CI: 2.86 to 5.22), or salaried (OR = 4.33, 95% CI: 2.59 to 7.24) were more likely to report unprotected sex although employment status was collinear with marital status. Women with partners of unknown HIV status or HIV-infected partners were less likely to report unprotected sex than women with HIVuninfected partners (OR = 0.65, 95% CI: 0.50 to 0.85, and OR = 0.13, 95% CI: 0.04 to 0.44; respectively). The number of live births was also associated with unprotected sex; however, this was collinear with age. Education level, history of trading sex, age difference with the partner, male partner circumcision, and duration of relationship were not associated with unprotected sex during pregnancy.
In a multivariable model including age, marital status, partner HIV status, age at sexual debut, forced sex, anal sex, and lifetime number of sexual partners (employment status was excluded because of collinearity with marital status and the number of live births because of collinearity with age), younger age [adjusted odds ratio (aOR) = 0.97 per each year increase, 95% CI: 0.94 to 0.99], being married (aOR = 11.28, 95% CI: 7.48 to 17.02), unknown partner HIV status (aOR = 0.58, 95% CI: 0.44 to 0.78), HIV-positive partner status (aOR = 0.06, 95% CI: 0.01 to 0.29), lifetime number of sexual partners (aOR = 1.25, 95% CI: 1.12 to 1.40), and forced sex (aOR = 13.80, 95% CI: 2.89 to 66.00) were independently associated with unprotected sex during pregnancy.
Correlates of Unprotected Sex During Postpartum
At 36 weeks postpartum, cofactors for unprotected sex during postpartum were largely similar to those identified during pregnancy. However, there was no difference in unprotected sex at 36 weeks postpartum between women who were HIV negative and those with partners of unknown HIV status, no difference by age of sexual debut, and no difference for those reporting anal sex versus not reporting anal sex.
Correlates of Vaginal Washing and Drying During Pregnancy
Older age (OR = 1.02, 95% CI: 1.00 to 1.05 for each additional year) and number of live births (OR = 1.07, 95% CI: 1.00 to 1.15 for each additional child) were associated with increased odds of vaginal washing (Table 3 ). There was a trend for married women to be more likely to report vaginal washing when compared with unmarried women (OR = 1.23, 95% CI: 0.94 to 1.62). Women who reported forced sex were more likely to engage in vaginal washing (OR = 10.72, 95% CI: 2.55 to 45.00). Education level, employment status, age at sexual debut, lifetime number of sexual partners, partner HIV status, partner circumcision, age difference with the partner, relationship duration, unprotected sex, trading sex, anal sex, history of sexual transmitted infections, and history of abnormal discharge were not associated with vaginal washing.
In a multivariable model including age and forced sex in the past month (the number of live births was excluded because of collinearity with age), both older age (aOR = 1.02, 95% CI: 1.00 to 1.04) and forced sex in the past month (aOR = 10.56, 95% CI: 2.52 to 44.36) remained independently associated with reported vaginal washing during pregnancy.
There was a trend for older women (OR = 1.02 for each additional year, 95% CI: 0.99 to 1.05) to report vaginal drying. Married women were significantly more likely to report vaginal drying than unmarried women (OR = 1.49, 95% CI: 1.02 to 2.18) ( Table 3) . Women with partners of unknown status were less likely to report vaginal drying than women with HIVuninfected partners (OR = 0.59, 95% CI: 0.41 to 0.85). Vaginal drying was more commonly reported by women who had unprotected sex (OR = 1.62, 95% CI: 1.20 to 2.19), forced sex (OR = 10.12, 95% CI: 4.83 to 21.20), a history of sexually transmitted infections (OR = 2.14, 95% CI: 1.31 to 3.51), or abnormal discharge (OR = 3.18, 95% CI: 1.82 to 5.56). Education level, employment status, age at sexual debut, lifetime number of sexual partners, partner circumcision status, relationship duration, and trading sex were not associated with vaginal drying during pregnancy.
Having a partner of unknown HIV status (aOR = 0.56, 95% CI: 0.39 to 0.81), forced sex (aOR = 8.88, 95% CI: 4.16 to 18.98), and history of abnormal discharge (aOR = 3.18, 95% CI: 1.78 to 5.66) remained significantly associated with vaginal drying in a multivariable model that also included unprotected sex and marital status (history of a sexually transmitted infection was excluded because of collinearity with history of abnormal discharge). Older women (OR = 1.04, 95% CI: 1.01 to 1.08 for each additional year) were more likely to report vaginal drying. Unlike during pregnancy, being married, having a partner unknown HIV status, forced sex, history of sexually transmitted infections, history of abnormal discharge, and history of unprotected sex in the last month were not associated with vaginal drying during postpartum. Other cofactors for vaginal washing and drying were similar to those identified during pregnancy.
Correlates of Vaginal Washing and Drying During Postpartum
Resumption of Sex After Delivery
The majority (n = 1079, 86.2%) of women reported resuming sex by 36 weeks postpartum: 42.1% #5 weeks and 9.2% as early as 2 weeks. Among these women, the median time of resumption of sex was 7 weeks (interquartile range 4-12). Older age [hazard ratio (HR) = 1.48 for every 10-year increment, 95% CI: 1.34 to 1.63], higher lifetime number of sexual partners (HR = 1.08, 95% CI: 1.04 to 1.11), older partners (HR = 1.02 for each additional year older, 95% CI: 1.01 to 1.03), and anal sex (HR = 1.93, 95% CI: 1.07 to 3.50) were associated with faster time to resumption of sex after delivery (Table 4) . A higher number of live births and longer duration of relationship were also associated with time to resumption of sex; however, these variables were highly collinear with age. Women who were married (HR = 4.21, 95% CI: 3.49 to 5.08) resumed sex at a faster rate than unmarried women (Fig. 2) . Unemployed women resumed sex at a slower rate compared with employed women and housewives, but this was due to unemployment being highly related to being unmarried (collinear).
Women who completed at least primary education (HR = 0.86, 95% CI: 0.75 to 0.97), who had a cesarean delivery (HR = 0.69, 95% CI: 0.51 to 0.95), with partners of unknown HIV status (HR = 0.85, 95% CI: 0.73 to 0.98), or who were circumcised (HR = 0.78, 95% CI: 0.68 to 0.90) were less likely to have resumed sex. History of trading sex, forced sex, and age at sexual debut were not associated with time to resumption of sex.
In a multivariable model including age, education, marital status, anal sex, lifetime number of sex partners, partner HIV status, partner circumcision status, cesarean delivery, and age difference between partners, only marital status (aHR = 2.69, 95% CI: 2.10 to 3.43), partner being circumcised (aHR = 0.86, 95% CI: 0.74 to 1.00), and cesarean delivery (HR = 0.57, 95% CI: 0.40 to 0.80) were independently associated with resumption of sex.
DISCUSSION
Among HIV-uninfected pregnant and postpartum women, we found that sexual activity decreased during pregnancy with a gradual increase after delivery; we also noted high rates of unprotected sex and appreciable prevalence of vaginal washing and drying. Reduced frequency of sexual activity with increasing gestation observed in our study is consistent with findings from studies in Portugal, China, Nigeria, and South Africa. [6] [7] [8] 16, 23 Hormonal changes, growing abdominal girth, cultural and psychological factors that include concerns about harming the infant, inducing miscarriage, and precipitating labor or rupture of membranes have been cited as contributing to reduced sexuality during pregnancy. 7, [23] [24] [25] A potential risk of the decreased sexual activity in women is that their male partner may respond by seeking concurrent sex partners. In Nigeria, 28%-43.7% of men report concurrent sex partners during their wives pregnancy. 8, 9, 26 Concurrent sexual partnerships put men, and subsequently their female partner and infants, at risk of HIV. 8, 9, 26 Sexual health discussions at ANC and MCH clinics could address concerns about sex during pregnancy, including allaying fears of harm to the fetus and provide a forum to promote safer sex practices. However, sexual health, though a common concern during pregnancy, is infrequently discussed either during prenatal or postnatal care. 7 Women may be uncomfortable bringing up issues they consider private and providers fail to explore sexual health problems even during discussions on contraceptive use. 27 To optimize sexual health, it is critical for providers to engage women and their partners in an open discussion about sex during pregnancy.
We found very high rates of unprotected sex similar to a study in Uganda, which found less frequent condom use in pregnant women (4%) than in breastfeeding women (9%, P , 0.0001) or among nonpregnant and nonlactating women (10%; 9%, P , 0.0001). 2 We found that married women were likely to report unprotected sex during pregnancy. Women in stable relationships may fear asking their partners to use condoms as this may be implied as an expression of distrust. 28, 29 Strategies to promote condom use among couples in stable partnerships are needed, particularly for women in HIV-discordant relationships and those who do not know the HIV status of their partners. It was encouraging that women who did not know the HIV status of their partners or who had an HIV-infected partner were less likely to report unprotected sex during pregnancy.
Alternative strategies for HIV-uninfected women unable to negotiate condom use include antiretroviral preexposure prophylaxis (PrEP) and microbicides. The use of oral PrEP among couples in HIV-discordant relationship can substantially reduce the risk of incident HIV infection. 30 Currently, the WHO recommends oral PrEP as an HIV prevention choice for individuals at substantial risk of HIV infection such as HIV-discordant couples. 31 Microbicides are products that uninfected women apply vaginally to protect themselves from acquiring HIV. Similar to PrEP, microbicides offer another female-initiated method for primary HIV prevention and have the potential to empower women to protect themselves as they do not require cooperation, consent, or knowledge of the male partner for use. In the CAPRISA trial, use of tenofovir vaginal gel reduced HIV acquisition by 39% among all women and by 54% among women with high gel adherence, 32 however, other randomized trials have not shown similar protective benefit. 33, 34 Rates of new partnerships among women were low similar to other reports from sub-Saharan Africa. 2 A prospective study in Uganda found that pregnant women reported significantly lower proportion of multiple sexual partners (1%) than breastfeeding women (2%) or nonpregnant and nonlactating women (3%). 2 We found lower prevalence of anal intercourse than has been reported in studies from Portugal and Canada (;7%). 6, 25 A study in Nigeria reported increased anal intercourse during pregnancy (2%) compared with the period before pregnancy (1%). 23 Increasing abdominal girth as pregnancy progresses leading to physical awkwardness during vaginal sex may make some couples opt for anal intercourse. Risk of HIV transmission is higher with receptive anal intercourse than with vaginal sex. 12, 35, 36 This risk may be compounded by lower rates of condom use with anal compared with vaginal sex. [37] [38] [39] In our study, the median time of resumption sexual activity after delivery was 7 weeks, similar to the findings of other studies (5-8 weeks) . [40] [41] [42] [43] Resumption of sex before perineal healing may increase the risk of HIV acquisition if the woman has sex with an HIV-infected partner. Previous studies from West Africa reported prolonged sexual abstinence after childbirth because of cultural norms. 26, 44 However, with changing cultural practices that discourage polygamy, long periods of sexual abstinence may increase the risk of male partners seeking concurrent sex partners. 44 Recent studies from Nigeria report earlier resumption of coitus after delivery. 15, 23 We found that older married women reported earlier resumption of sex, consistent with other studies. 15, [45] [46] [47] In our study, women with cesarean deliveries resumed sex earlier compared with those delivered vaginally. Cesarean delivery spares the pelvic floor from mechanical damage thereby preventing perineal discomfort or pain. However, in previous studies, associations of mode of delivery with timing of resumption have been inconsistent. 15, 43, 45, 48, 49 Other studies have reported association of breastfeeding with late resumption of sexual activity attributed to reduced interest in sex from psychological and physiological factors. 45 Similar to findings from nonpregnant African cohorts, vaginal washing and drying were common. 18, [50] [51] [52] This prevalence remained consistent throughout the follow-up period, with the majority of women using soap and water for vaginal washing. Previous studies have postulated that need to maintain hygiene, before or after sex, or during pregnancy, or cultural preference as reasons for vaginal washing. 53, 54 Vaginal washing could reduce levels of microbicides potentially limiting the effectiveness in preventing incident HIV infection.
We have previously reported that we did not find association between vaginal washing or vaginal drying and incident HIV infections. 5 However, several studies from subSaharan Africa have reported increased risk of HIV acquisition with vaginal washing, 17, 18, 20, 52, 55 although not consistently. 52, [56] [57] [58] A recent meta-analysis of individual participant data from 13 prospective cohort studies from sub-Saharan Africa reported that use of cloth or paper and intravaginal cleaning with soap were each associated with HIV acquisition. 17 The mechanism for increased HIV risk is speculated to be through injury to vaginal epithelium, mucosal inflammation leading to recruitment of HIV target cells, or by disruption of vaginal flora. 17, 59 In contrast, a prospective study in South Africa found that vaginal washing was associated with prevalent HIV but not incident HIV infection, which suggests that vaginal washing may be undertaken in response to vaginal infections that occur more commonly among HIV-infected women. 52 Rates of vaginal drying were lower than those reported by studies in Southern Africa where 2 in 3 women report vaginal drying. 21 Vaginal drying during pregnancy was also associated with forced sex, history of sexually transmitted infections, history of abnormal discharge, and reporting unprotected sex in the last month. It is possible that women, who have been forced into sex, may undertake vaginal washing and drying as a physical way to deal with feeling of sexual violation. In a recent meta-analysis, vaginal drying was associated with HIV acquisition. 17 Vaginal drying could mop up the microbicides thereby reducing levels and potentially limiting the effectiveness in preventing HIV infection.
Our study had several strengths. Prospectively following up the women allowed for determination of vaginal and sexual practices during pregnancy and postpartum period. Because of the large sample size, the study had power to assess covariates of vaginal and sexual practices. The study also had some limitations. Data were collected through interviewer-administered questionnaires, and this may have introduced social desirability bias in assessment of sexual frequency, timing of resumption of sex after delivery, number of new partnerships, use of condoms, and anal sex. In addition, responses were not corroborated by their sexual partners.
In conclusion, our study found extremely low rates of condom use, new sexual partnerships, or anal intercourse, and high rates of vaginal washing and vaginal drying. The high rates of unknown partner HIV status, polygamy, and less frequent condom use underscore the need for better HIV prevention strategies for women during pregnancy and postpartum, including promotion of condom use in women during this period and other female-controlled interventions including microbicides. However, high prevalence of vaginal washing and drying may limit effectiveness of microbicides.
